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REI* (a) NRL Confidential Report #6224 by A.J. Hiller, 6 May 1965

1. Reference (a) is a discussion of the utilization of oceanographic instrumentation
and measurements employed in an integrated manner in the detection of passing
submarines in the ocean.

2. The technology and equipment of reference (a) have long been superseded. The
current value of this report is historical.

3. Based on the above, it is recommended that reference (a) be declassified and
released with no restrictions.
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ClasifcatonSystems
[Uncla&m;fied ritle]
* A.J. HLR

*Trdtlipa.t Branch
Souund Dwos

I he it arts;; 11 a %uhmekrgqrd %uhnsanne subjects the txean envirnnment it many tubtle i hang"i.
timing the thst we-rTAI weari spesiahrd in situ Ioflflogaphic imutrumentatrnn has been de~tned
it) --rne these ph%%Ral. themcalf. and binlgwl noixdibcattons of the tweanf. The cgickept 441 inter.
diti&phnan reseamch, Aurmed toward oburng a brnad spectrum tif knmwedge pirm tit hardware
clevelopinent. is ttwisidered the key to future sitsems ,eilisp. I-Axwatney research reults show the
m~nv (a-"%;)4 the problem and the general usefulness t4 the mean as A ready-made nimiple~f easilv
O-aniged hv a trrtong tuhirne. Tle suhnannegerwrated envergy transfer. aowisi and hv-

ditro rm, Are drers able hv simple oqMA" inturments. I he reults titseeral field Utoertittrims have
41-MMUngAted the performance oft trtadfmtnic and ctonrmetvw tenutri used fort wake Wensng ill A
%tubnret kubmarine during resent field oiltevaimmi to the Flitrida Sarits. Emnphasis on wshraunne
tteiesttin and t tltssitattim %%vsems suggts towsl r npaflwwts t4) ctmsentsimflal ivuMJk signial pin,-
tetung. where Oits *sawntione it e ft given liatfl~tCV uch as urbttAsv toIraid in
teis tito bandwidth. %atptluamir. rewshia. 4etctmr. Niale-alaim prlbsda. 4nd signako-Mwwao

PNT ODIAMON for detection. Systents w-:re sucmifsully built
and thermnal wakes we"- detected. but the results

%blt~r (eams iraphy is usually thought of obtained did not bear out the assumpoon~ts. ~inday,
A's d ltup))iittntl 51 ti %ulqxirtinj the ASW after nifre than two (teradel, We are still JearfIfIng
troin tit dlrtwcti. 1twaiwitm. as, ias and how the smcan enVironment is modified bv the~
.iutu k. Oveanntraphi data aft principally used sumrie and intensive reseach is coanIinUig
titlir lk 1wrlfartiname ti'o usif 4(435 %14cn1 and to exilain the thermal wakirs whi atr htng
MIu4ltsh IAtWJI dtr-Jin. It Is thteelor lgicAl ohmi e. It il Gilot that this trenillic cial-

Ito %i~Id carefully the operating etWirinInTI lenge resultrc. faw a oidittated iOIts-dwMijlinarv
saha-ri tie %Vsem 11%"l Is Wensitive til the envimml- researh effurt is viow reading the truc cosnurxty
nt-si~t. it .ai'O I ii ~ al tft VteW thi envirotiriett fit the twean and ykeldilig hatic Isiwige tin
aqs lileig %ensole ift the submarine, the #lC*t whtch new ASW syttis canti he asd almd thr
11 .411 ASiW. perisarmiitte of tild oniel bitter ecpitin weA

I his%1- Inssfiis nog new, anld early rewearthers Biwitgiapy).
clrst4 iseL uc~tns baed t341 141vsaa Chtangs it)
;hwen riitriiavrt induied by tile sutwiurinje. Dfl~flON CONSIDERATIONS

% l4VIVa SA!) tIIJVIii.*l(IIIrJt anml deMIetumj)
I.'(amabsrwaier Clettric litentul), 'Alu more (earmnralAhK inusmeas .a lxsi Ftr. mh.

It m'llf 1A.-A It'a1Nst'a. tJhe latlt %V"Cft As- Marine deteCtion an c1114.a1nis arr deleitittot
stridA trainoptiri of waarmi water III, ii ,tfralt on a rrlitrthoon f sea-water tamen- i t

%*t#4 .t t rITIfilt- IltIi.Irted M-t1"11 aiittI IW lot' l i hasigs's tit t ha sea umetir tail.4a,itsmwa hi to% vtt I ;,%

NMIi A ll ~Is R9, tNq. Pq.'P~f 4 W4 11 N l 14. , Ittllole loini thetit( ltiiijttitt too the 414 Caltl fiirtitistia
W .1 ;.. -asiU0.V .. " tis M dnwt ailb 14 T~he maatsi entergy tratisler is usiAlly hs10u1'.

l~..1 1% p' %W11; Ii dhinur. t efiat rlAinileis to-ll tit itr tt itt.
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I TI(xic '1I The Stc!% .i11-1141tilt k it tolapm4 ig It it I-, a%unxe that the (ran I% ne1idiied hS

h-i.1 dtI11,1( gimfient I% precsent, .itid the %4ibinarine And thm i )% m~idiatimt 1111 I. 1'--

\Ji uiting Anh mit the gradient, Boih tadil for .4 1)eri4xi of time, 0te ,SW 4IIil'

-Cstilt Inl .4 ted(i%tribtion iIl I sea torrponelt%. o (II ifferent s Vse Alhe bes .iluted 11 1is[)1

i .tau asw-,. fhe etlett of the generated w~akec ourst assiirnes that knowledge of1 %v-stct t1v)isr.
!t. i' he sLtttate %%.S4here it tan be detet-ted by 1K ran noise. signal strength. arid tipe of sensing

W (.114ig a phi( IIN rUnienfts. padi ft i s availAble. *1hle "'nose- oIf all 't rci-

I lic btillow'inlg eq~uation showi the relation ograpl it instrumnent is the time variation oIf Its
lwrs'ervn surfiL e tension, temperature, chloiit. ouIlia for a huedt input. andc the *555ttrif ni 14

.it1t1 .1 general te~rm labeled "impuritics."" is the time variation of' its outp~ut as the .u tuail
~Ii~ttdlC- oranographiC pAaMCfer is being measured Il

so l e Tesioin 75.64 -0.144t + 0.0399 Cl. -K :he iscean. This of Lourse implies stital and tinme

,here factors which mnAv he considered similar to smn-ple
&ire and~ banidmdith in) a eimentional clettrical

4 s temperature in degrees Centigrade
CI is chlorintvl

K represntl impuriis. TRAIL DETECTION

Stitlatte tentioni is a linime factor 41 submarine- In order to illustrate wome of* the ractoir -11
,iduted surfac'e effects, and intensive research 'weantographic ASW systems. one systeni based

haIseri ondw"Itinsurwe ilm reate it tn the merasuremenit 4I turbiditi .by conttintilflI
haslwtn ~I~d4 ed ~n urfce inisreltedto flow analysis of* water retivived frown a pM kup

o aal lArvwave dainpitig and evapoirtin rates.
it Is knowntitat very %mall changes in SUft-e uniit nmwited oin a ship pltfitrm is coimmr
ten)1#on tan rai uli the sufa aswl to a passive aruua4 system in Fig. 1. Sit-ilariii

It% il ifram or hifrevi t to etul mid differetwes are vtstt i itienttionI~, The

to iteattentiosin has beei devoiedtite it "lC VtrYt015W reit1011Vlt-k

puImm"s, fatlor.t Sifur the particulate Miateial and the mweamigrapfik systemn detri vi'ten whets'
titth wacai 1 nraured ithreatvel smpl 1 tsubmariow has been. 1the aiwistiv %%%Aern Ito%

Ani th igsea can ite tica sei wimt k isr ne its %entatr rerrui'eo from the nobirarine. whik-
.IiL olac highly snitxii *Aiinvric in this eta. the other system's sensor mulst be dirsikv lit the

\I~I reearh hs icsi meeitrtedin histrail at a Imi where the -intiory of th t~eai
NRI. objessi-." av%, it) obtainl baskc inbraimi t stl aihentogvausb si't-oow
ti how the~ miitiaiiie rniidilies the dlistinbution o1ilsuft tt gv i

ratio. The iigita I flceu5i%1 il built .sitsio
of f*itlili e m t r adtou sc h n intt4" m a Similar. AM d the systei ouitsut in scuml it, in

* ~Otierwo~r-iInterlaeer or a)uttivnik onalv er.
Search rates may amw he cortpared. Io ntow
siuation a pistnt is iriteirpmee with a wrh

.IiIV 'Sn'ifvt, M W lof.". "d Itto Fle'm" 111* 4)ceai

I I W1t P%" %~.i I WAMO (4 0 J Pmi&WV.* kPW VC*1A NW amt. and in the otther' A trail is iitteiceptell with
liii) p -,. NO a searh line 0%'a. 2). Tbe usual poisi target

--taL M # 4VWf0x Vook vwe 4tAtWo Ibttatg is in the wtvconid ca~c- "iteiW into a line wit h
'" . 4M411 I"jJ itb4 4,W K111 lit" k1ht 4eAOl ta I U

$.. 4Peto WO*4w at WW oei d I the W%08 Wis 11 a ftictin oft the trail lrnixe. Sulrftt
6&W 4 aw fh &AW ft. %AM% 4Pd4VS 600 pwicir mn#A %Wl haVe beeIN IL0101wn1 () Uas Many bouMI. 1104

-4."04it .4 E .t8af Im"g 4 MWP(WI4An 9MW W t45u !A i tte. little is kriown abut ltnluewe of lurtsidit
%tJhu"' * .b ta% 4~ pietirE wsr Aind 4,w4I~,( oJet! chais

ft.4.*qtat.0 441 '..pu t .' tt~i.e W414. It. &A instirtitnt i Elitoll it'eiif11410 sttlT siIC(.t tt)IsItni
.4w4 .,%".4 **t* *.., haaI.e ** ? .wieko 4'0mil fi A barrner hori At a suhbinne extcs. -mi1e

- t .## kerqrq' '"1 .1se tM''-sS1E' --. WrVW% *I1% thE ' lo (Ft. i 'g 3) If A tw1 4 111Itet ti OW111im trY I'l .I it'll III)

4%lu 6%~ a.1  4.00"T 4-4m" Ju A g~r 2Ag111-1-144 1 6111 .411444IIII ~t'
~~mo m~w. 4*.,4~,,. .ht I.444. w~ * a %1negtV WArth 6t s tr witsld Nit' rtilt.ir i't to test

lite Ali itI Fig 3 evety twis ItittriS. 'I lm. -zi*%t lst
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require ao averiage ,ejrth sjstned of 50) krwma sn o onie encourier w'hein Pmudytrig the mca for

ustige l4atfstrm. atud Ir lios thcol(f.w mulipk- chanwps is t) determne how to make nicalurt-

Dutgthe ;umt tieal c'ar% th,.i.ue hawe

ENVIRONMENTAL EM MCT twer) de~ettope whui mntutiic or hme
iw I diturbhimws. Some o~f thei w me rhit.

igm 4*:~ q % ite-. tit genieraul st'mn. the mitirstled, mvrwj'. i 4 ti~-4Wr,m mml~i'ivi%,

t .~;~c~I ti4 sh~- ts raro ilsillto iasi the and taikralt .and %4Ibit5t'ti wa irtr ImLils

litstk41141t 4t (halimj~ Whul Ii eutdl ,ciur hy 11 fh e £ tci e Ild RIMt~,Iil~ 11IIII1411t s tntu (ht.'Al
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-uitto.(prl11) h (l Iqs t ~hsu totf ogt

vmw~t r ehwbt~rifi the sakf a. 1 or~kvl ofazd tisur 6 ihas an amintIn cIAwtoig 11-

kOiatt giv the pheAupehte Out tha la mi re gNI rai h nW-. ~rtn r~
1-hmat tf hern W41e ' uti~dintrI~cnII(2 mchiirw. (Apit 194) ta res i Ve tos 0w F
end~r andor~ thnd vw t mirtutlM wih drtcost wheti WEST 'eaI aore itTlFld(lTSO~b' ~
pxarid yti tyo The a4tetrwmay bie auIe zmrire nrrd(lnejwin.TeotaI.hrtr

'1 sle "trtll t wf utteli. lamik ei. and lei %luchi itOm
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FIX ti - t*.tqIMM 1144Mrn w4ind ipeed uiod turhtmoetncl cbva. April
I W14, I'rv Wci* hif ini-ts. Por le41w? N md~istei noumminte. The turtittda-
rf4mirm djtd I rthi-harsds ttiwdmant jt pcentedu t e didefee toqmeen
Ow rabqi AM wdkq. turhoia*,l.

li (:tettimlkAi.tsit. 4w-rauetg H-ACH turfuite.ntr hydrtnide, which has pigtmn mbir minniu~r
* IIt' e ttd I 1t1ItOV ill dillhi~il. 44141 t~iMaufhCd lit uAltme flturad p w~iints.

%meft.V fileat'Ied mi Idteei>.atMV flurng Ow~ recent .'tie (it the PIIISBL KY.
0 Mte"Ibdrjit. Ittr" ittdtk 1-11m t-titittii H1im thc M~iami Inmitu titf Ma lrine S~viteeva tt'wril

Ili .1114ixm ind %ikt'v wte~tr frcscah 'wilCit nwW ilJtstiZ .tillifkrl
* I,~~ennut 'lt~h~i I)4Ill tutdllictL1 were tiwd: the IhwCa lj41'aphic mmuItiII 6ie111

0 MIrowiluvi 4 Ko iNi drigh prs4ik ratict lte iittiutam 4fl i iltitrttll't 141111.tt1tio-
0 M4."ure wmt t ht tkli. 1t iil 411t) iimcetMttiltg it) Ittoie 11,1 i.~te tu

BURYV research induatedI ntatce til i t-

SEA.WATER SAMPtING iunflutiont~it 51gallm 'And troeS t til t tittri.

Ali iii 1ttmtit willoh owaut'C 4 ltkMtJl

si~tteirst~has Alut. INT- eende Ito pjantcujatc a highI dstetim irolatitt;% SRI. woart oilyi
t Jts.Ihttta 4041tt ill VAIIUIVIC anti vaicui.te IVO bet'l ii IITilyJ11 ctintiw ti) lteW iuirf~t And

iImfl. '54114141it.) h *dN'15IIrI stihftnt-i~ s Bear ltrf .ac. bt~tW Of V-fiO t4i'1lll14 IMMI MMt~i~f'

'Ili'gt" 11v animt 44 'turtie UpkIA taken and a greater itlitiri tit -%Irfisc effsttis. Ii't.
fI s ATItlstra-t WJite And water fromt the It-Alli tIPT111eJ Wedtiques 4114 flew lsnAVI ep) tteig

il i.thrrwA I ttibiiijnit. The hig~h wtnuisijw lawS Imiliig talwym)1TUit brrak~nt
-.I ift-WRC11 41vlixs AI OlCittebtis akcs it mahti(I.tll %Ji-i, 1owil tit %ubhnar,,ts- diii.

iI..a th it .nioing i-irte sv 't iurumeflha dtt tum Mt! V~Iit-hi tedtI VILICtlos uil p144,111le S.

tittt immininamst~. Nartin bitkm ate nwi 4ulrc' mu111611 1 estilo" Whit It 41n t111V.swrITV il

I'Iitit i tette fiviiiii Atl14rlariol Allnt-. lttt't, -L.JY tutltvint 1mg~vell" titi f fii414

1.11 % ik %utl ijduui 1.ilif-1 ti WCU~ l 55111 b% sspstrtstilt~ It 1 ji~ 1411)15III Ith,4

%bi. t ut'l 5l 55. Is g (st ild l di lat s, e fl m til~ t ' Q tra eg t J l $ 4i l t- t. O lit t t o I ' 4 I 1 tm til ti ll%-\

5 ~ tV~bttIJ b~I~ (tell~sltat)Jttatl III ir rr W. %lil lv ingttt II Ou1 t ttt-ilat 4 utioljt tile
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z: ti , Th 1 1%. Nat, t'.m() t gr .qpht ( )f t  
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i IIIk II I'.lrar. .nnd linth ( hukc hi and East 00G 400.

\ I. ha,1 tiaile sontic nicastirttits on th 61W "4~00.

I I it If ii I fit rTI.tl(' 11e ba teri ( atiwd by a .. L goo:

,1IttMr sig tlhin.,rne. T he Russian ifl'e%tigittors r . *t)

Kt v.. It4hedes~a, and Slit/kesuhlt have utili/ed VV (N0 '0,,

bac let ia as5 indi( .nor% of' h%-droloicaI phenomena ~ ~ ~ P

w~hile %tudmig the Indiani (Xkean waters between
At nc a atd thle Antarc ic and between the Antarctic 4000

all1( Asia ( Fig. 7). NRI. has tvade measurements 5 4

using batteria as indicators (If the water redistribu-
(ion0 I- a suhmiarine in (the BIermuda area and Fig. 7 VertKica dio:nhtiion (if hbrtri-ph' in the~ Inian1ti

lhwals in (hlesjk-ake 1Bafi, where distinct changes mlca between WS iAM PM~s ft numberd .411( htitiii jwt

In ertical (list: ihution, were observed. rhe itflet *er(tm144-%.adMlkkdl

tet hinique used was similar to) that of the Russians.
The %%ater samples were filtered through mern-
hrane filters upon~t which the bacteria were cultured
arid tounted. This method is. of course, not
pra~ ill obperationally, but new techniques I
using par-tic le-%ile-distrihutioti analyiers and

patiocle selection ma' eventually make stuch a
shemie usefutl. The explanation for the %tratifica-

tionf of bacteria has be-en presented by Sisler and
SetfIle4 Tlie theotime that bat teria, when -moving
in an otean t.urrent. are 4arried dtown to a given ~
depth hts electromotive loicces, as charge carries

in a miagneti field.
Another (lass oficia(r.has its origin in the4 .

submarine. The soubmnarine, which is clistilting

at 'a minute tate, leavet, certain tifetllic ions in
it. trail. Attempts has e Iteen iaclc to deftect rimc
And1( toplxr ions by Iludson I 41N trait orietil Using
sen1sitive flatne-abulirptimi %ifectrt0(illy. tev have.
sic( esfullv (letec ted them, ions fin the trails id
%1111.14 v Ithip5 *ind Slit IA vBe iiltiiiis

Ini the IIACII tuthidimiete: ssitetl (11g, 8).
tiff %,Itet iii1 ked III its II1w V.11 fi% is(ellser it 11

r. irdir% i ndi iw te fit RI M~l ANI44tt ItI

" .41 I Stif i 4 14 ,,,,I,,I I-11 #11144

litI. 1- ii 41 it Mu ~ iii I,) Iii -N .I.
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ulII~IkII I%wti%I ft t tiieted fight. I he t-Iet - iotisidert. as information fi(-. llatripli4g..ii '11%

II ii ll i 1" .ini p11thed andit M!~~l0~ .10 Jcl I it'lia "mUSt alsoJ Ik* X.its-1t. 1111% 111(hillti I

1- tvi linv .Angtis I itolder. One inotieof (I.vrattton would (K ur in VIC m designed toi dett 1
Il di ect vajdout t-Iilier 111ti' tiilies a htidgtl chaira teri~tit partit le stil h as it t op;~'r ion.

iliit and 11( presents the limput Al-ioe .1 giscn 1 he i"1llortal( e of samlef~) site IS'si Illi

iicVlhol(1 tIv~c. (ti hrUtier % %icm I% for wcak- Fig. 12. These data. obtained with an cat 1% imit-d
Signail dtitt tin. A~ itinplt'I hart at ord is %ho~4 n iurhidimeter. ilitrate the improsemeiv gainted
inl Fig. 9. hi r~~IW~%OliitdduagC~.- i itwtea, ed wake-iamtpiang titt.

licaktv Ba et it h V. il the SSiX-1. The Wait was An id~al tiasifler takes Adsantagtl ('i the
c'~ 'ptiall' lear during these tests, with at unique aind exclusive prflpertie% ofl tht 1w ibharii.

tturhiditsi 41f abo~ut I .5 ppin relative to silicon such as the ability to cause a trigntl. atiraals
(fitlIe. Profile %iinililg thowed A uniform dis- the emission of man-made nouie.an .tt tlhattet asit
trtbut'iin dowvn tit sibmtari'tidpth. as measured size and shape. The latter I. haral. aertitit: as prolhh
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